Introduction Oleander poisoning is common in the southern parts of the United States as well as part of Europe and South East Asia. The fluorescence polarization immunoassay (FPIA) for digoxin cross-reacts with oleandrin, the major poison of oleander extract and can be used for rapid detection of oleander poisoning. However, for medicolegal investigation, the presence of oleandrin should be confirmed by a more sophisticated analytical technique such as liquid chromatography combined with tandem mass spectrometry. We studied stability of oleander extract as well as oleandrin in serum samples stored in Becton Dickinson plastic serum separator tubes (SSTs) by comparing values obtained in parallel specimens stored in plain glass tubes and in red-topped plastic tubes.
Method Oleander leaves were extracted using absolute ethanol, and drug-free serum pools were supplemented with oleander extract or ethanolic solution of pure oleandrin. Aliquots of the supplemented pools were then stored in plain glass tubes, red-topped plastic tubes or SSTs and the stability of oleander extract or oleandrin in sera were studied by the FPIA digoxin assay for varying times up to seven days.
Introduction
A common practice in many clinical laboratories is to draw blood in a serum separator blood collection tube, which is then centrifuged and stored at room temperature for various lengths of time before analysis. These tubes have gained widespread acceptance, largely due to the advantage of a barrier gel that facilitates rapid separation of serum from cellular constituents of blood and also prevents haemolysis on prolonged storage. Moreover, development of plastic serum separator tubes (SSTs) also has an added advantage over glass tubes because plastic tubes are less likely than glass tubes to break following either dropping or centrifugation.
The serum separator tubes (SSTt) manufactured by Becton Dickinson and Co (BD) are widely used worldwide for blood collection. The use of SSTs for therapeutic monitoring of drugs is controversial. For example, concentrations of digoxin and digitoxin did not decline over time when sera were stored in BD SSTt and the author concluded that these tubes are suitable for blood collection for therapeutic drug monitoring of digoxin and digitoxin.
1 In another study, we previously reported that concentrations of phenytoin, phenobarbital, carbamazepine, lidocaine and quinidine were decreased when stored in both glass and plastic SSTt, especially when the sample volumes were small and the specimens were stored for 48 h. We observed an 18% decline in phenytoin concentration in 48 h and 19% decline in carbamazepine concentration in 48 h. Lidocaine concentration was also reduced by 27% in 48 h while quinidine concentration was reduced by 18%.
The oleanders are evergreen ornamental shrubs with various colours of £owers that belong to the Dogbane family and grow in the southern parts of the United States from Florida to California, Australia, India, Sri Lanka, China and also other parts of the world. All parts of oleander plants are toxic. Human exposure to oleander includes accidental exposure, ingestion by children, administration in food or drink, for medicinal purpose (as herbal supplements) as well as criminal poisoning and despite toxicity, oleander is still used in folk medicines and di¡erent herbal dietary supplements. Boiling or drying the plant does not inactivate the toxins. Death from drinking herbal tea containing oleander has been reported. 3 Oleandrin, the major glycoside in oleander, can be detected in blood by high-performance liquid chromatography and mass spectrometry (HPLC/MS). However this technique is complex and not all hospitals have such resources. Cheung et al. reported detection of poisoning by plant origin (including oleander) using the £uorescence polarization immunoassay (FPIA) for digoxin and theTDx analyser.
4 Eddleston et al. reported a mean apparent serum digoxin concentration (measured by the FPIA digoxin assay) of 1.49 nmol/L (1.16 ng/mL) in patients who were poisoned with oleander but eventually discharged from the hospital. Severe toxicity from oleander resulted in a mean apparent serum digoxin concentration of 2.83 nmol/L (2.21ng/mL) as measured by the FPIA digoxin assay.
5
Although FPIA can be used for rapid detection of oleander poisoning in the case of an accidental overdose, in cases of medicolegal situations, con¢rmation of oleander poisoning by liquid chromatography/mass spectrometry is needed and specimens may need to be referred to a reference laboratory. Therefore, it is essential that oleandrin is stable when stored in plastic SSTs and also that the barrier gel does not absorb oleandrin, which is a small molecule. We believe that up until now, no reports have been published regarding this issue. In this report, we describe the ¢ndings of a study we have undertaken, exploring the stability of oleander extract in specimens stored in BD plastic SSTs.
Materials and methods
Oleander plant was obtained from a local nursery. Plastic BD Vacutainer SSTt (REF 367986) , BD Vacutainer serum red-topped plastic tubes (REF 367815) were purchased from Becton Dickinson Co (Franklin Lake, NJ). The capacity of an SST is 5 mL while the capacity of a red-topped tube is 6 mL of blood. Apparent digoxin concentrations were measured using the FPIA digoxin assay and a FLX/TDx analyser (Abbott Laboratories, Abbott Park, IL).
An ethyl alcohol extract of oleander leaf was prepared by mixing 500 mg of dry weight of leaf with 5 mL of absolute ethyl alcohol followed by mixing in a blender. A standard solution of oleandrin (1mg/mL) was prepared in ethanol. We supplemented drug-free serum pools with either oleander leaf extract or ethyl alcohol extract of oleandrin. Aliquots of 2.5 mL of each supplemented pool were then placed in glass test tubes (control) as well as in plastic SSTs and plain red-topped plastic tubes. An aliquot of serum was withdrawn immediately from each tube for the measurement of apparent digoxin concentrations at 0 h. Aliquots were also withdrawn at intervals of 2 h, 6 h, 1 day, 3 days and 7 days to determine apparent digoxin concentrations using the FPIA digoxin assay. Specimens were stored at room temperature for 24 h and then placed in a refrigerator at 41C for the duration of the experiments.
Each experiment was performed in triplicate and values are expressed as the mean and one standard deviation. We considered a di¡erence signi¢cant only at a 95% con¢dence interval or higher (Po0.05) using independent t-test, two tailed.
Results and discussion
Although, liquid chromatography combined with mass spectrometry is the method of choice for the accurate determination of oleandrin in biological £uids, oleandrin can be measured indirectly in clinical laboratories using the FPIA digoxin assay, which requires only 200 mL of specimen. Moreover, in a previous study, 6 we have shown that oleandrin concentration can be derived by using the following equation:
where y is the oleandrin concentration in mg/mL and x is the observed apparent digoxin concentration (ng/mL) using the FPIA digoxin assay.
This equation can be further simpli¢ed to:
Similar ¢ndings have been reported by other workers in this area. For example, Cheung et al. reported earlier detection of poisoning by plant origin (including oleander) using the FPIA digoxin assay and the TDx analyser.
4
In the present study, we observed no reduction in apparent digoxin concentrations in specimens stored in plastic SSTs even after seven days of storage (Table 1) . For example, when a drug-free serum pool was supplemented with oleandrin to achieve a serum concentration of 20.0 mg/mL of oleandrin, the observed measured digoxin concentration of the pool stored in an SST at 0 h was 4.30 ng/mL. On the basis of the above calculation, this digoxin concentration is equivalent to a derived oleandrin level of 18.5 mg/mL, which is close to the target value of 20 mg/mL. After seven days storage, the measured digoxin concentration was 4.22 mg/mL, which was not signi¢cantly di¡erent from the value observed at t ¼ 0. This ¢nding suggests that oleandrin is stable in serum stored in plastic SSTs for up to seven days. The corresponding values observed for other aliquots of the same serum pool supplemented with oleandrin and stored in glass tubes were 4.28 ng/mL at 0 h and 4.20 after seven days of storage respectively. We observed similar trends with another drug-free pool supplemented with 5 mg/mL of oleander as well as a separate serum pool supplemented with oleander leaf extract (Table 1) .
We conclude that oleandrin is stable in serum for up to seven days when stored in BD plastic SSTs, and that blood can be collected into plastic BD SSTs for the laboratory investigation of oleander poisoning. 
